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Verzar, F. & Montigel, C. (1942) . Helv. chim. Acta, 25, 9, 22. Verzar, F. & Montigel, C. (1943a) . Helv. chim. Acta, 26, 883. Verzar, F. & Montigel, C. (1943b) . Helv. physiol. pharmacol. ,4cta, 1, 115, 137. VerzAr, F. & Wenner, V. (1948) . Biochem. J. 42, 35. The Action of Steroids on Glycogen Breakdown in Surviving Muscle BY F. VERZAR AND V. WENNER, Physiological Laboratory, University of Bacle (Received 6 May 1947) In a previous paper (Verzar & Wenner, 1948 ) the effect of deoxycorticosterone (DOC) on glycogen synthesis from glucose with or without insulin was studied in the surviving diaphragm of the rat. DOC in concentrations of 5 mg./100 ml. of suspending fluid counteracts the effect of insulin and increases glycogen breakdown. In order to establish whether this effect of DOC is specific, several other steroids, sex hormones and similar biologically active and inactive substances have been tested in the same
way. METHODS
The technique used was that of Gemmill (1940 Gemmill ( , 1941 and of Gemmill & Hamman (1941) with modifications as described in our previous paper (Verzar & Wenner, 1948 (Traube, 1887; Abderhalden, 1930 (nos. 5, 6, 7, 8, 9 ) have a distinctly smaller effect. lI-Dehydrocorticosterone (no. 17) was also active; it could only be tested as acetate. Pregnanediolone, testosterone and androstanediol were, in the higher concentration (10 mg./100 ml.), as active as DOC; but oestradiol (no. 10) and bisdehydrodoisynolic acid (no. 11) had the same activity at a concentration of 10 mg./100 ml. as the former group (nos. 5-9) had at a concentration of 5 mg./100 ml. Hydroxyaetiocholenic acid (no. 12), allopregnanepentol (no. 13), and androstenediol (no. 14) had no action even in the higher concentration of 10 mg./100 ml. Stilboestrol (no. 18), an oestrogen, was-more active than cestradiol and its activity was equal to that of progesterone or DOC.
The glucoside of DOC (no. 15) had no activity, while the monoacetate of pregnenediolone (no. 16) had about the same activity as the non-esterified substance (no. 4). The acetate of 11-dehydrocorticosterone was also very active. Oleic acid (no. 19), with a molecular weight similar to those of the steroids tested, was without activity.
DISCUSSION
The inhibition of glycogen production and increase of glycogen breakdown is not present in substances Biochem. 1948, 42 lacking a hormone-like action such as hydroxyaetiocholenic acid and oleic acid. On the other hand high activity was found in stilboestrol and, to a lesser extent, in bisdehydrodoisynolic acid, substances which are chemically different and only related biologically to the steroid hormones.
In the DOC-21-glucoside (no. 15) the new linkage on the 21-hydroxyl group abolished the whole activity. It is possible that this substance cannot be split by intact muscle, but the acetate of pregnenediolone (no. 16) was as active as pregnenediolone itself. The acetate of l1-dehydrocorticosterone (no. 17) was also active. Thus, if the above explanation is correct, muscle must be able to split these two esters. It should be remembered that in previous experiments on glycogen phosphorylation (Montigel & Verz&r, 1943) it was found that steroids esterified in the 21-position were less active.
It is much more difficult to explain the differences between the activities of the various other substances on glycogen breakdown. It might appear that the 1 1-hydroxysteroids which are more soluble in water have a smaller activity. Thus the most active substances progesterone (no. 2), pregnenediolone (no. 4) and stilboestrol (no. 18), which are active even in a concentration of 1 mg./ 100 ml., have a smaller solubility in water than corticosterone (no. 6) and allopregnanepentol (no. 13), which are less active. On the other hand oestradiol (no. 10) and androstenediol (no. 14) are less soluble in water than progesterone (no. 2), but have a smaller activity than corticosterone (no. 6). Thus differences in water solubility do not explain the greater activity of certain steroids on the inhibition of glycogen formation.
Another explanation might be found in the surface activity of steroids (Sobotka, 1938) . The steroids, after adsorption on the cell surface might inhibit the diffusion of glucose or of oxygen into the cells. The substances most active in glycogen breakdown, such as DOC and pregnenediolone, lower the surface tension of water to 68 and 68-5 (dynes/cm.) respectively; the inactive oestradiol had in aqueous solution a surface tension of 70; and the fairly active corticosterone 58'5. Thus there was no correlation between inhibition ofglycogen formation and surface tension.
There is a marked difference in inhibitory action on glycogen production between DOC and progesterone, both ofwhich are very active, and corticosterone and 17-hydroxycorticosterone which show very little activity. The second group also has a distinct action on glycogen production in the whole animal and this is actually used in some assays of hormones of the adrenal cortex, such as the work test of Ingle (1941) and the glycogen deposition test (Reinecke & Kendall, 1942; Dorfman, Ross & Shipley, 1946; Eggleston, Johnston & Dobriner, 4 VoI. 42 49, F. VERZAR AND V. WENNER 1946). Many' authors therefore believe that 11-hydroxysteroids have a specific effect on carbohydrate metabolism, whilst DOC has none. This point has been discussed by us' (Verzar, Bucher, Somogyi & Wirz, 1941) , and we consider' that there is a difference in the velocity but not in the nature of the action of the two groups of steroids. It is remarkable that the results described in this paper show differences between these two groups also with respect to glycogen metabolism in vitro.
It has been known for a'long time that the sex hormones show effects on carbohydrate metabolism which are comparable with those of the adrenal cortical hormones. Montigel & Verzar (1943) have shown that progesterone, testosterone and to a smaller degree oestradiol influence phosphorylation of glycogen by muscle. The.activity is of the same order as that observed in the present experiments. Ingle (1940 Ingle ( , 1943 Ingle ( , 1944 and Janes & Nelson (1940) have demonstrated that the naturally occurring sex Table 1 hormones and stilboestrol have a marked influence on the sugar excretion of pancreatectomized rats. It has also been shown (Kochakian, 1945-6) that testosterone lowers the activity of the alkaline and enhances the activity of the acid phosphatase of the kidney. Androstanediol has an effect on phosphatases similar to that of testosterone, but androstenediol has no effect.
In our present experiments on glycogen breakdown we found that testosterone (no. 8) was very active, androstanediol (no. 9) less active, while androstenediol (no. 14) had no activity. It is probable that the effect on glycogen breakdown in our experiments, which is especially marked with progesterone and weak with oestradiol, has its parallel in the action of these substances on phosphorylation of glycogen. Thus the experimental results of the inhibition of insulin activity and stimulation of glycogen breakdown in isolated muscle, shown here with DOC and some sex hormones, has its parallel in many other facts. This is not an argument against the specificity of the action of the adrenal cortical hormones on carbohydrate metabolism. Sex hormones appear to act specifically on certain tissues of secondary sexual character, and their mainmetabolic function might be of the same nature, as was pointed out long ago by one of us. It might be mentioned that we observed that the insulin effect on glycogen synthesis changes throughout the year, which may be connected with varying sex-hormone production in the animals.
It has not been possible to explain how the steroid hormones act on cell metabolism (Long, 1942; Ingle, 1945) . It has been suggested that they are 'velocity factors' acting on enzymic reactions of carbohydrate metabolism (Montigel & VerzAr, 1943) . Another possibility is that the steroids are adsorbed on the surface of the cells and inhibit diffusion of oxygen so that an anaerobic breakdown ofglycogen would result. Alternatively, it is possible that the diffusion of glucose from the solution into muscle fibres may be inhibited by the adsorption of the steroids on the cell surface. Whilst such possibilities cannot be denied, an action on intracellular enzymes active in the intermediary carbohydrate metabolism still seems the most probable, although unproven, possibility. SUMMARY 1. The effect of deoxycorticosterone (DOC) on glycogen breakdown in the intact diaphragm of the rat in vitro has been compared with the effect of several other steroid hormones and related substances.
2. Progesterone, 17-hydroxyprogesterone and pregnenediolone had an equal or even stronger effect. Corticosterone, 1 7-hydroxycorticosterone, testosterone, androstanediol and pregnanediolone showed a smaller effect. Oestradiol, bisdehydrodoisynolic acid, 3-hydroxyaetiocholenic acid, allopregnanepentol and androstenediol had the smallest activity, whilst stilboestrol showed a very high activity.
3. The steroids with corticoid activity possessing a hydroxyl group in the 1 1-position were less active than DOG. The biological activities of the steroids tested did not go parallel with their water solubilities, nor did differencesinsurface activityexplain the differing activities of these substances on glycogen breakdown and the inhibition of the effect of insulin on glycogen production. Thereis, however, a certain parallelism between the activities of these substances towards glycogen breakdown as shown in the present experiments and their effects on glycogen phosphorylation by minced muscle.
